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Abstract: Description Logics (DLs) are a family of logic-based knowledge representation formalisms, which can be
used to develop ontologies in a formally well-founded way. The standard reasoning service of subsumption
has proved indispensable in ontology design and maintenance. This checks, relative to the logical definitions in
the ontology, whether one concept is more general/specific than another. When no subsumption relationship
is identified, however, no information about the two concepts can be given. This work extends from an
existing work on similarity measure B LA to the more expressive description lofil £# . We introduce
generalizations of the notion of normalization and homomorphismArE # which are then employed at the
heart of our semantic similarity measure. The proposed similarity measure computes a numerical degree of
similarity between two2 LE#H concept descriptions despite not being in the subsumption relation.

1 INTRODUCTION ple the case in which a new disease, which is closely
similar to the existing one, is being discovered. Since
Representing knowledge base is one interesting topicwe know that the two diseases are similar, checking
in artificial intelligence. Among various techniques of for their common characteristics would likely provide
semantic-level analysis, one commonly well-founded a beneficial clue to the disease etiology. Therefore,
way is through the help of Description Logics (DLs) it would be easy to suggest an appropriate treatment
(Baader et al., 2007). Being recommended by W3C, from previously known diseases to another new one.
DLs (i.e. the logical underpinning of the Web Ontol- This work is an extension of an existing similarity
ogy Language (OWL)) become a standard tool for measures for DLs in th& £ family (Suntisrivaraporn,
formally and systematically modelling a knowledge 2013; Tongphu and Suntisrivaraporn, 2014; Tongphu
base. Besides their unambiguous syntax and semanand Suntisrivaraporn, 2015) to the strictly more ex-
tics which are essential for ontology modelling and pressive DLALEZ#. The method is based on the
sharing, DLs provide several useful reasoning ser- known homomorphism-based structural subsumption
vices that allow inferencing of implicit knowledge and produces a numerical degree of similarity be-
from the one explicitly defined. For example, with tween twoALEH concept descriptions despite not
a service of a subclass-superclass relation identifi- being in the subsumption relation.
cation (concept subsumption), two defined concepts  The rest of the paper is organized in order. The
which are visually out of subsumption relation may be background on the DIALE#, unfoldable TBoxes,
logically classified into the same hierarchy. Though and the structural subsumption algorithm is presented
seemingly useful, the classical DL reasoning service in the next section. Section 3 and 4 introduce the no-
of concept subsumption merely produces a crisp re-tions of homomorphism degree arti. £4 seman-
sponse. The service indeed provides a positive con-tic similarity measure, respectively, and exemplify the
clusion if and only if all necessary and sufficient con- introduced measure by means of a small yet prototyp-
ditions of being in the subclass—superclass relation areical medical ontology. Section 5 suggests a possible
fully satisfied. Otherwise, alas, it will suggest that the extension of similarity measure for the DELCH.
two concepts are irrelevant to each other. Related works are discussed in Section 6, and the last
In some concrete situation, checking for subsump- section gives some concluding remarks.
tion relation may not be adequate. Consider for exam-
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2 BACKGROUND

In DLs, concept descriptionare inductively defined
with the help of a set otonstructors starting with

a setCN of concept namesnd a setRN of role
names 4LEH concept descriptions are formed us-
ing the constructors shown in the upper part of Ta-
ble 1. An 4LEH terminologyor TBoxis a finite
set of concept definitions and role hierarchy axioms,
of which the syntactic forms are shown in the lower
part of Table 1. A TBox is calledinfoldableif it is
definitorial (i.e. containing at most one concept def-
inition for each concept name), amdyclic (i.e. not
containing cyclic dependencies). Figure 1 depicts an
example unfoldable1LE# TBox. The setCN9f

of defined conceptsomprises those concept names
that appear on the left hand side of a concept defi-
nition. All other concept names are callpdmitive
conceptsdenoted byCNP". Since the DLALEH al-
lows for atomic negation, for convenience, we denote
by CN'2P¢! the set of all primitive concepts, their nega-
tions, and the bottom concept, i@\ = {A —-A|

A€ CNP}U{L}. Conventionallyy,s possibly with
subscripts are used to range oW, A,B to range
overCN, andC, D to range over concept descriptions.
Primitive concept definitions are commonly found in
realistic terminologies to define those concepts, of
which only necessary conditions are known. For in-
stance,

HappyMan T ManT1RichMdchild.Beautiful
1)

Such a primitive definitiorB C D can easily be
transformed into a semantically equivalent full defini-
tionsB = XD whereX is a fresh concept name.

Like other DLs, the semantics ALEH is de-
fined in terms ofinterpretations’ = (A?,-7), where
the domaim\’ is a non-empty set of individuals, and
the interpretation functiod maps each concept name
A € CN to a subsetd! of A’ and each role name
r € RN to a binary relatiorr” onA’. The extension
of -/ to arbitrary concept descriptions is inductively

defined, as shown in the semantics column of Table 1.

An interpretation/ is a modelof a TBox O if, for
each concept definition i, the conditions given in

the semantics column of Table 1 are satisfied. The

main inference problem fafl LE£4 is the subsump-
tion problem:

Definition 1 (Concept Subsumption)Given two
ALEH concept descriptions © and an ALEH
TBoxO, Cis subsumed b w.r.t. O (written CC, D)
if C! € D! in every model of O. Moreover, CD are
equivalent w.r.t.O (written C=, D) if C £ D and
DLC,C.

w Woman = Female 1 Person
Wy Man = —FemalelM Person
w3 Parent = Person M dchild.Person
Wy Mother = Woman 1 Parent
Wsg Father = ManT1Parent
Wg MotherNoSon = Mother M Vchild.Woman
w7 MotherNoDaughter = MotherMVchild.Man
Wg FosterFather = Man M 3fchild.Person
(V) NonFosterFather = Father M Vfchild. L
w0 fchild C child

Figure 1: An exampleZLE# terminology Omiy;

here child and fchild are shorthands fohasChild and
hasFosterChild, respectively.

Provided that the TBox is unfoldable (i.e. acyclic and
definitional), any4 L E# concept description can be
expanded to an equivalent one that may use any role
names but consists only of primitive concept names,
their negations and the bottom concept fra'2>'.
This can be done by repeatedly replacing a defined
concept by its definition until no more defined con-
cepts appear in the concept description. Consider,
for instance, the conceptotherNoSon along with its
definition wg in Figure 1. By replacing the defined
conceptMother and Woman with their correspond-
ing descriptions (seey andwy), the description can
be expanded to:

Female 1 Person M dchild.Person M

Vchild.(Female 11 Person) )

wherePerson, Female € CN'2b¢'. We denote bﬁ the
expanded equivalence of the concept descrigiion

We can assume without loss of generality that an
ALEH conceplC can be expanded and has the fol-
lowing form:

| m n
[Ju n []3D; 1 [ ]vscE
i=1 j=1 k=1

where Lj € CN™*¢ v g € RN, and Dj,Ex are
ALEH concept descriptions in the same for-
mat as C. For simplicity, we assignZ: :
{L1,...,L}, Ec:={3r1.Dq,...,3rm.Dm}, andAc :=
{Vs1.E1,...,¥s1.En}. Also, we denote byR " and

R " the sets of all super-roles and of all sub-roles of
r, respectively. ThatisR ' = {s€ RN | r C* s} and
R ={t € RN |t C* r} where where_* represents
the reflexive-transitive closure &f over role names.
However, since a normalized LE# concept de-
scription makes implicit description explicit and yet
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Table 1: Syntax and semantics of the BILLEH and DLALCH .

Name Syntax  Semantics ALEH  ALCH
bottop € 0 v v
top T A' v v
concept name A Al C AT v v
atomic negation -A ANA v v
concept negation -C AN\C v
concept conjunction CrD  C/ND! v v
concept disjunction CuD  C/uDf v
existential restriction 3r.C {x|3yenl:(xy)erlnyeCl} v v
value restriction vr.C {x|vyeal:(xy)erl =yeCl} v v
primitive definiton BCD Al C D/ v v
full definition B=D Al=D/ v v
role hierarchy rcs rfcs! v v

preserves equivalence, we exhaustively apply the fol- whereV is a set of nodess CV xV is a set of edges,
lowing normalization rules to thd LE{ conceptde- vy € V is the root/ : V — 22N is a node labelling
scriptions after expansion. The normalization rules fynction, andp : E — 2RN is an edge labelling func-

below are modulo commutativity of conjunction: tion. The translation can be done using the following
steps:
vVsCnvrD — VS.CHVI’.(CI_I D) i. Assignc to K(VO)-
VsCrn3arD — VvsCn3r(Crb)
vrT — T ii. For eachdr.X; € Zc, introduce a new node to
CnT — C V, add an edgévp,w) to E, and assigrR ™" to
AN-A — L p(vo,w). Repeat from step (i) by treatingasvo
.l — L andX asC.
cnL — 1

iii. For eachvr.Yj € Ac, introduce a new node’ to

wheres € . Note that the first two normalization V, add an edgévo,w) to E, and assigrk " to
rules generalize the corresponding ones in (Baader ~ P(Vo,W). Repeat from step (i) by treating as
and Kiisters, 2006) where a role hierarchy is taken Vo andY asC.

into consideration. In fact, for a super-raefr, it is In essence, the roep of the 4 LE# description tree
the case thats.C impliesvr.C. Gc has?c as its label; hasn existential edges, each
For example, leMotherNoSon be expanded and  |3peleq withR™i to a vertexw;; and has universal
hhas tEe forml as shown 'T E((qjuatlon 2. dBy applymgfedges each labeled wilk/ to a vertexw, for 1 <
the above rules, a normalized concept description of ; ! : ' -
MotherNoSon can be exemplified as fgllows P J=m and 1<k < n. E?Ch of the child nodegj and
' w, is the root of a similar tree structure which forms
Female M Person M 3child.(Female M Person) M a subtree ofjc.

Vchild.(Female 1 Person) Definiton 2  (Homomorphism) A  homo-

In (Baader and Kusters, 2000; Baader, 2003), morphism from an ALE# description tree
a characterization of subsumption mcEH w.rt. G = (V,E,vo,/,p) into an ALEZH description
an unfoldable TBox using homomorphism has been tree G’ = (V/,E', vy, #',p’) is a mapping hV — V'
proposed. Instead of considering concept descrip-such that:
tions directly, the characterization considers so-called . _

o i. h(vo) =V,

A LEH description trees that structurally correspond

to the ALEH concept descriptions. Given the ex- 1= £(V) S¢'(h(v)) forallveV,

panded concept descripti@ybeginning fromthe top  iii. for each existential edgés,w) € E withp(v,w) =
level, such a description can recursively be translated R, there exists(h(v),h(w)) € E’ such that
into an 4 LEH description treege = (V,E, Vo, 4, p) o' (h(v),h(w)) = R and® " C R, and

206



A Structural Subsumption based Similarity Measure for the Description Logic ALEH

iv. for each universal edgey,w) € E with p(v,w) = 3 HOMOMORPHISM DEGREE IN

R, there exists(h(v),h(w)) € E’ such that AL EH

p'(h(v),h(w)) = ™ and either of the following

holdsv:r " As suggested by Theorem 1, an existence of a homo-
a. " CR”,or morphism mapping from ong@ L E# description tree

b. h(v) = h(w) and#'(h(v)) = {_L}. to another implies a subsumption relationship in a re-

Observe that this generalizes the notion of ho- verse direction. We extend the idea to the case where

momorphism first introduced in (Baader and Kiisters, a homomorphism between the tw. E# descrip-

2006) by allowing each edge label to be a set of role tion trees does not exist but there is a shared structure.

names instead of a mere role name. Moreover, it sim- LetC,D be AL E# concept descriptions, argt and
plifies the condition for existential edge mapping by Gp be the corresponding LE# description trees.
omitting L since any existential successor withas Also, let e, Po, Ec, Fp, Ac, andAp be as defined in

its label must be collapsed due to the normalization. the previous section. We define the homomorphism

The subsumption is then characterized by meansdegree fromgp to Gc as follows:
of an existence of a homomorphism in the reverse di- pefinition 3 (Homomorphism  Degree) Let

rection. ) GALEA pe the set of all ALEH descrip-
Theorem 1 ((Baader and Kusters, 2006))et C,D tion trees. Thehomomorphism degree function
be 4 LEHH concept descriptions, angc, Gp the cor- hd : GALEH o GALEH _, [0,1] is defined as follows:

responding4 LEH concept description trees. Then,
C C D iff there exists a homomorphism ltjp — Gc

which maps the root of to the root ofGec. hd(Gp, Gc) = (%— pe —#a) -p-hd(%b, P )+
Consider the normalized description for “a:e'_sethj(éi’ ECC))-F
MotherNoSon as previously mentioned and the H-a-se ’ (5)
following normalized descriptions foMother and e
) where | - | represents the set cardinality,® |+
NonFosterFather: %o N
7D, and ul =P
| U Zp U Ap| [Po U Zp U Ap]
Female 1 Person M Jchild.Person 3)
p-hd(TD,Tc) =
—Female M Person M 3child.Person M fchild. L :‘L,PD N 2| It :_0 or fe = {.L} (6)
(4) Y otherwise
Figure 2 depicts the A2LEH description
trees gNonFosterFather (Ieft) gMother (Center)l and e-set—hd(fD fC) =
GMotherNoSon  (fight). It is important to note here 1 if T = 0
that ® "¢ = {fchild, child} and R """ = {fchild} 0 if T £ 0, Tc = 0
since wyp is the only role hierarchy axiom in the max(e-hd (i &) €Tt oo
ontology. This figure shows a homomorphidm &7 |Zp] otherwise
(dashed arrows) that maps the ragt of Gmother (7)

to the rootvo Of GuotherNoson- It @lso demonstrates  whereg;, €; are existential restrictions;
a failed attempt to map (see the dotted arrow) the

root of , to the root of Gnon y .. The-
gMothe gNo FosterFathe e-hd(ﬂr.X,HsY) —

orem 1 ensures thdflotherNoSon = Mother and

NonFosterFather Zo Mother. V) + (1= ve(m)-hd(Gx. 6 ©
Though sharing some common features between R () RS .

MotherNoSon and NonFosterFather (i.e. both are wherey® = ORI andv®:RN — [0,1).

Person ), the classical reasoning of subsumption can-

not tell how similar the two descriptions are. This a-set-hd(Ap, 4c) :=

leads to an introduction of a concept similarity mea- 1 if 4p =0,

sure based on the structural characterization. Instead 0 if 4p #0,4c =0,

of merely giving either positive or negative result be- max{a-hd(0i,0j):ajedc}  Ginarwise

tween descriptions, the proposed measure calculates a | o4, £

numerical value ranging between 0 and 1. Intuitively, 9)

the larger the number approaching to 1, the more sim- wherea;, aj are universal restrictions; and finally
ilar the two concepts are.
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wo : {—Female, Person}
<.

V{fchild} I{child}

wy i {Ll} wy : {Person}

uo {Female Person}

I{child}

up: {Person}

vo : {Female,Person}
> 4

S~ g

F{child}

v{fchild, child}

{Female Person} v, : {Female,Person}

Figure 2: A homomorphisr (dashed arrows) that maps the rootGfiother t0 the root 0fGuotherNoson; @ failed attempt to
identify a homomorphism (dotted arrows) that maps the ré@@ther t0 the root ofGnonFosterFather -

a-hd(Vr.X,VsY) :=

Y if B = {1},
Y (V3(r)+ (1—-v3(r))-hd(Gx, Gy)) otherwise
(10)
wherey? = % andv® : RN — [0,1).

Note that sincedr. L. can never occur in any nor-
malized ALE7H concept description, we need not
treat this case in Equation 7 (cf. Definition of homo-
morphism in the previous section and in (Baader and
Kusters, 2006)). Intuitively, the homomorphism de-
gree fd) of the two given4 LEH description trees

can be computed based on the degree of common

node label inclusion and the degree of common out-
going edges. Formula 6 calculates the proportion of
the matched node labels comparing to all those avail-
able in the top level. Formula 7 and 9 computes the
degrees of edge matching of an existential restriction
and a universal restriction, respectively. If thereis a

shared edge label, then there is some degree of sim-

ilarity; but the successors’ labels and structures have
yet to be checked. This is done recursively by calling
the functionhd(Gx, Gv).

The parametep® (resp.,u?) defined in Formula 5
indicates how important the existentially quantified
(resp., universally quantified) subconcepts are to be
considered for similarity measure. The usewsf
andv? allows to indicate an importance of the role
name in an existential restriction and a universal re-
striction. It is similar to that in (Suntisrivaraporn,

2013) except that these are defined as a function on

role names. This means that the importance of dif-
ferent role names and thus the discount of similarity

between nested concepts can be unequally assigned :

based on their use and modelling discipline in a par-
ticular ontology. The value of in Formula 8 and 10
indicates a degree of inclusion between the two edge
labels. The case wheye= 0 means there is no com-
monality between two given roles, and hence further
computation for the degrees of membership between
their corresponding nested pairs should be omitted.

Example. To better understand how the algorithm
works, consider the description treGuother for
the unfolding of Mother and the description tree

208

GNonFosterFather fOF the unfolding ofNonFosterFather

as shown in Figure 2. Usingas previously described
and fixingv*(r) to 0.4 for every role namee< RN, the
degrees of homomorphism from the root Gfiother

to the root 0fGnonFosterFather C&N e cOMputed as fol-
lowing steps (abbreviations are used for the sake of
simplicity):

(QM, GNFF)

Zp-hd (P, Purr) +
(0)a-hd(Am, Anrr)
S+ 3e hd(&,s,)
//Wlthp. = 3,u =

/I € = dchild.Person andsj = dchild.Person

+ 2e-hd(Ewm, Enrr)+

= 313+ 3[3)[8 + Ehd(Grerson, Gperson))]

= 3031+3E -+

=2

= 067
The reverse direction can be computed as follows:
(GNFF, Gm)

4P hd(Pnrr, Pu) +
za- hd(/qNFF»/qM)
= 211+ 4e hd(s.,ej)
//W|thu f4,u 74,
Il € = 3child.Person andgj = Jchild.Person
I o = Vfchild. L andaj =0
Z131+ Z[31[& + 2hd(Grerson, Gerson)] + 3[0)
412 411 erson ) erson a
1,1
a717
0.50
Hence, the degree of having a homomorphism
from the root 0fGumother t0 GNonFosterFather IS 0.67, and
that for the opposite direction is 0.50. The values

for other pairs can be obtained in an analogous man-
ner and are shown in Table 2.

%e-hd(fNFF,fM)+

%a-hd(di,dj)

Using a proof by induction, together with Theo-
rem 1 (Baader and Kusters, 2000; Baader, 2003), it is
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Table 2: Homomorphism degrees to and from the defined coma@pkamily.

[hd(l,—) | Woman [Man | Parent | Mother | Father [MNS|MND | FF [ NFF|
Woman 1.00 |0.50/ 0.50 | 0.67 | 0.33 | 0.50| 0.50 |0.33|0.25
Man 0.50 |1.00{ 0.50 | 0.33 | 0.67 | 0.25] 0.25|0.67|0.50
Parent 0.50 |0.50| 1.00 @ 0.67 | 0.67 | 0.43| 0.43 |0.50|0.50
Mother 1.00 [0.50f 1.00 | 1.00 | 0.67 | 0.68| 0.68|0.50|0.50
Father 0.50 [1.00/ 1.00 | 0.67 | 1.00 | 0.43| 0.43|0.83|0.75
MotherNoSon (MNS) 1.00 {0.50| 1.00 | 1.00 | 0.67 | 1.00| 0.85|0.50|0.60
MotherNoDaughter (MND) || 1.00 |0.50| 1.00 | 1.00 | 0.67 | 0.85| 1.00 0.50|0.60
FosterFather (FF) 0.50 |1.00| 1.00 | 0.67 | 1.00 | 0.43| 0.43|1.00/0.75
NonFosterFather (NFF) 0.50 |1.00| 1.00 | 0.67 | 1.00 | 0.55| 0.55/0.83|1.00

not difficult to obtain the correspondence between the

homomorphism degree and subsumption.

Proposition 2. Let C,D be expanded and normalized
ALEH concept descriptions, andc, Gp be their

corresponding description trees, respectively. Then,

the following are equivalent:
1. CCD,
2. hd(Gp, Gc) = 1.
In fact, the closer thed(Gp, Gc) value is to 1, the
more likely the corresponding subsumption may hold.

More precisely, the label and edge constraintg;in
can likely be simulated by those @t.

4 ALEH SEMANTIC
SIMILARITY

The homomorphism degree function introduced in

Section 3 returns a degree that represents the sim-

ilarity of one concept description compared to an-

other concept description. As shown in the compu-

tation example, the direction of the homomorphism
degree matters, vizhd(Gm, Gnrr) = 0.67, whereas
hd(Gnrr, Gu) = 0.50. Since both directions consti-

tute the degree of the two concepts being equivalent,

our similarity measure ford LE#H concept descrip-
tions is defined by means of these values.

Definition 4 (ALE% Concept Similarity) Let C,D
be expanded4LZEH concept descriptions. The
degree of similarity betweed andD is defined as:

hd(gc7 gD) + hd(GD, gc) (11)

sim g, 24(C,D) 1= >
Intuitively, the degree of similarity between two

concepts is the average of the degree of having ho-

momorphisms in both directions, thysn(C,D) =
sim(D,C) as required.

INote that other functions apart froaveragecould be

Based on the homomorphism degree values in Ta-
ble 2, the degrees of similarity among the defined
concepts in the example ontolo@umiy can be ob-
tained; see Table 3. Note also that, though not in-
cluded in Table 2 and 3, the similarity involving prim-
itive concepts likeFemale and Person can also be
computed. Nevertheless, the pairwise similarity de-
gree between any two primitive concepts is zero by
our definition since there is absolutely no commonal-
ity between them apart from both being subsumed by
T.

The similarity measureim 5, 4 generalizesim for

the DL ‘£ L% (Suntisrivaraporn, 2013; Tongphu and
Suntisrivaraporn, 2015) in the sense that when two
given concept descriptions are restricted & 7,
then both measures coincide.

Proposition 3. Let C'D be twoELH concept de-
scriptions. Then,

sim 4 ,£4,(C,D) =sim(C,D).

This is the case since ary L% description tree is
also an4 L E# description tree that does not contain
universal edges.

5 APPROXIMATING ALCH
SEMANTIC SIMILARITY

A description logicALCH can be considered as an
extension of4 LEH that supports more concept con-
structors, namely disjunction and full concept nega-
tion (see Table 1). Since DELE4 is a language in
the family DL ALC#, in this section, we show that
the notion of 2L E# similarity measure can be ex-
tended to a new notion o1 LC# similarity measure.

In Section 3 we review the structural characteri-
zation of subsumptiot LEH through a homomor-
phism. Alas, this characterization is not directly ap-

applied; for instance, root mean square and multiplication plicable to the more expressive languageC# due

(Suntisrivaraporn, 2013).

to disjunction. Fortunately, one capproximatean
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Table 3: Similarity degree between a pair of defined condepGmiiy -

|hd(l,—) | Woman [ Man [ Parent | Mother | Father [MNS|MND | FF [NFF|
Woman 1.00 |0.50/ 0.50 | 0.83 | 0.42 | 0.75| 0.75|0.42 0.38
Man 1.00| 0.50 | 0.42 | 0.83 |0.38| 0.38|0.83|0.75
Parent 1.00 | 0.83 | 0.83 | 0.71| 0.71|0.75|0.75
Mother 1.00 | 0.67 | 0.84| 0.84|0.58/0.58
Father 1.00 | 0.55| 0.55/0.92|0.88
MotherNoSon (MNS) 1.00| 0.85|0.46|0.58
MotherNoDaughter (MND) 1.00|0.46| 0.58
FosterFather (FF) 1.00|0.79
NonFosterFather (NFF) 1.00

4LCH-concept description in the less expressive DL 6 RELATED WORKS

ALEH. Once approximation is calculated, the simi-

larity measure introduced in this paper could be used The subject of concept similarity has been widely
to obtain approximate similarity between two concept syydied. The techniques can be roughly classified into

descriptions written it L CH. two main groups: a structure-based approach and an

Definition 5 (Approximation) (Baader and Kisters, edit-distance-based approach.

2006) Let C be anAL(C# -concept description. In (Distel et al., 2014), the authors introduced a

An 4LEH-concept description D is afdLEH - new framework of concept similarity measure. This

approximatiorof C, written 4 LE # -approx(C), iff framework is based on a counting of relaxation oper-
i CCDand ations. A similarity is defined by means of the dis-

. . tance between concept descripti@andD, i.e. the
L D't% E éolrzeveryﬂLZ}[—concept desCiion.E number of timed needs to be relaxed before it sub-

w o sumesC. The method is claimed to satisfied several
Intuitively, an approximation is the most specific properties of concept similarity but has not yet been

concept in4 LEH that subsumes the giveRLCH implemented.

concept. One can approximate ehLCH con- A measure proposed by (Ge and Qiu, 2008) cal-

cept by resorting to finding commonalities among culates a degree of similarity based on the depth of

sub-concepts in a disjunction, also known as the 3 concept defined in different levels of the ontolog-

least common subsumer (Iggpblem (Turhan, 2007;  jcal hierarchy. The method considers the distance

Baader et al., 1998). o relationship (subsumption relation) between concepts
We define the notion of similarity measure be- and assigned different weights to the role depth. The

tween twoALCH concept descriptions as follows:  gegree of similarity between two concepts was mea-

Definition 6 (4LCH Concept Similarity) Let XY sured by means of a distance (a propagation of all la-
be 4.LC#H concept descriptions. Traegree of sim- bel weights) to their least common subsumer. Simi-

ilarity betweenX andY, in symbolsim 4, ~4(X,Y), lar approaches were proposed in (Ge and Qiu, 2003;
is defined as: Giunchiglia et al., 2007). Despite their usefulness in
_ structural analysis, these methods were fully relied on
sima ey (X,Y) = an ontology hierarchy and usually ignored constraints

Sim g 5 (ALEIH -approx(X), ALEH-approx(Y)) of concept definitions in the ontology.

An analogous idea can be employed to compute A simple method for similarity measure in the ba-
concept similarity in another DLs and yet using an- sic DL £g (i.e. no use of roles) was proposed in (Jac-
other similarity measure. For instance, it is possible card, 1901), known a3accard Index An extension
to approximateE L U-concept descriptionsHL ex- thereof to the DLE L4 was proposed in (Lehmann
tended with disjunction) and then compute similar- and Turhan, 2012). The extended work suggested
ity using the known measure fa&f £ (Lehmann and  a new framework that satisfies several properties for
Turhan, 2012; Suntisrivaraporn, 2013). It remains similarity. While the framework is defined in general,
however to be shown whether this produces accept-the functions and operators needed for the computa-
able similarity results in practice. tion are parameterized and thus left to be specified.

Moreover, the framework does not contain implemen-
tation details.
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The notion of homomorphism degree was origi- gating under scrutiny into the original tableau algo-
nally introduced in (Suntisrivaraporn, 2013) and em- rithm. Another direction for future work could be
ployed as the heart of the similarity measure for the to compare the measure presented in this paper to
DL EL. This has been extended oL % and con- those two notions of similarity foff £q introduced in
tinuously studied in (Tongphu and Suntisrivaraporn, (Racharak and Suntisrivaraporn, 2015). Siffcég
2014; Tongphu and Suntisrivaraporn, 2015). is a sub-logic of2LZE# and as suckim ;4 iS

Racharak and Suntisrivaraporn suggested two newapplicable also taf Lo, it is interesting to explore
notions of similarity for the DLF Ly (Racharak and ~ whethersim 4,4 iS stronger (see (Racharak and
Suntisrivaraporn, 2015). Both the skeptical and cred- Suntisrivaraporn, 2015)) than the skeptical and cred-
ulous similarity measures are derived from the known ulous similarity measures.
structural characterization subsumption through in-
clusion of regular languages.
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